Abstract We aimed to investigate whether a self-regulatory skills intervention can improve weight loss-related outcomes. Fifty-five participants (M BMI = 32.60 ± 4.86) were randomized into self-regulation training and advice groups and received two training workshops and weekly practice tasks. The self-regulation training group was trained to use six self-regulatory skills: Delayed gratification, thought control, goal setting, self-monitoring, mindfulness, and coping. The advice group received dietary and physical activity advice for weight loss. Physical, self-regulatory, and psychological measures were taken at baseline, end of intervention (week 8) and at follow-up (week 12). Using intention-to-treat analysis, weight, waist circumference, body fat and body mass index (BMI) were significantly reduced at follow-up for both groups. There were significant increases in all six self-regulatory skills and the psychological measures of self-efficacy, self-regulatory success, and physical self-worth for both groups. Results indicate that self-regulatory skills training might be as effective as dietary and physical activity advice in terms of weight loss and related outcomes.
Introduction
There is a large body of evidence that supports dietary and physical activity interventions as a means to produce small to modest reductions in weight loss (around 5-10 %; Jeffrey et al., 2000; Wing, 1998 ). Yet, the majority of people fail to maintain the positive dietary and physical activity habits adopted beyond the prescribed intervention period (Sharma, 2007; Shaw et al., 2005) . Therefore, knowledge of the best behavior change methods alone is insufficient for weight regulation success.
Researchers have called for a focus on the psychological factors that lead to weight loss and weight maintenance success (Byrne et al., 2003) . One particularly salient factor is self-control/self-regulation. This is defined as an individual's ability to override or inhibit behaviors, urges, emotions, or desires that would otherwise hinder goaldirected behavior (Baumeister & Vohs, 2007) . Recent calls have been made for research that investigates the selfregulatory skills that facilitate an individual's ability to resist temptation (Carels et al., 2004; Johnson et al., 2012) . To this end, the current study aims to examine how training one's self-regulatory skills relates to improvements in the frequency of use of these skills, weight loss, and associated physical and psychological outcomes, compared to an intervention providing information on best dietary and physical activity practices.
In this study a broad self-regulatory approach was taken that incorporated a number of self-regulatory skills as it was felt that one conceptual framework would not be comprehensive enough to cover the various skills associated with successful management of dietary temptation. The ability to delay gratification has been identified as a key self-regulatory strategy or skill that taps the processes necessary for effective impulse control and for sustaining self-control strength when faced with strong temptation (Metcalfe & Mischel, 1999) . Another important self-regulatory skill is thought control. This is particularly important in social situations where food is available, as the presence of others can increase susceptibility to lapse (Carels et al., 2004; Wansink, 2006) . A fundamental aspect of self-regulatory behavior is the ability to develop goal setting skills (Carver, 2004; de Ridder & de Wit, 2006) . A recent review investigating the use of goal setting as a selfregulatory skill in overweight and obese adults concluded that goal setting is a promising, cost-saving and potentially empowering skill that can be relatively easily incorporated into most community-orientated weight loss interventions (Pearson, 2012) . Closely related to goal setting behavior is the self-monitoring of one's goals. The ability to self-monitor is a key element in developing successful self-regulation (Carver, 2004; de Ridder & de Wit, 2006) . Another skill that may increase one's awareness of temptation is mindfulness. Mindfulness is created by focusing on body signals as well as sensory experiences, thoughts, and emotions (Brown & Ryan, 2003) . Research demonstrates that the development of mindfulness skills can enhance self-control strength (Masicampo & Baumeister, 2007) . Further, Dohm et al., (2001) have shown that those who are unsuccessful at maintaining weight loss tend to have a poor range of coping skills. Dohm and colleagues (2001) found that the key difference between weight maintenance success and failure was an individual's response to lapse, and that helping individuals develop adaptive coping responses (e.g., treating lapse as a small mistake) through skills training could be the most effective preparation skill to help people maintain their weight loss (Dohm et al., 2001 ).
The present study also attempts to address two problems. First, previous research has shown that the use of self-regulatory skills has been associated with improved weight loss in interventions (Annesi & Gorjala, 2010; O'Neil et al., 2012) . However, these interventions tended to incorporate physical activity and dietary advice alongside their self-regulatory skills training. Therefore, it is difficult to isolate the independent effect of training self-regulatory skills. The second problem is that although they are often associated with positive behavior change, many weight loss interventions are overly expensive and complex (Franz et al., 2007; Lombard et al., 2010) . The majority of community-based weight loss programs are limited by time and resources, therefore, intensive research interventions are not always feasible in terms of their ability to be rolled out to primary care and community samples (Economos & Irish-Hauser, 2007; Fabricatore et al., 2008) . Hence, there have been calls for interventions that are of lower intensity and cost, which are easily deliverable and applicable to a diverse range of individuals in the community (e.g., Lombard et al., 2009 ).
In conclusion, the current study is unique in that it combines a number of temptation-related self-regulatory skills in a low intensity intervention. Furthermore, it addresses an important gap in the literature by investigating the effects of training these self-regulatory skills on weightrelated outcomes independently of dietary or physical activity advice. We hypothesized that participants who received training in these skills (the self-regulation training group) would demonstrate greater changes over a period of 12 weeks in the frequency of use of those skills relative to those in a minimal intervention (advice only) group who would receive information on the best dietary and physical activity practices for weight loss. We also expected that those in the self-regulation training group would experience similar positive changes to the advice group in physical outcomes [weight loss, lower waist circumference, body fat, body mass index (BMI)] physical activity levels, and psychological (higher self-efficacy, perceived self-regulatory success, and physical self-worth) outcomes over time.
Method

Participants and procedure
We analyzed data from 55 participants (M age = 37.60 -years, SD = 13.47, M BMI = 32.60, SD = 4.86, 72 % female). Based on objectively assessed BMI, participants were classified as obese (62 %), overweight (35 %), or morbidly obese (3 %). Participants were selected if they currently held a weight loss goal, if they were overweight (a BMI [ 25) and had no health conditions that required medical supervision of diet or exercise. For those in employment, they were asked to specify their work department and those in the same department were allocated to the same group to avoid contamination between groups. Thus, our study was more of a 'pragmatic randomization' which is appropriate to the real life circumstances in which the intervention operated (Hotopf, 2002) . As a result, our intervention followed the Transparent Reporting of Evaluations with Nonrandomized Designs (TREND) protocol (Des Jarlais et al., 2004) . Ethical approval for the study was granted by a British University ethics committee. The self-regulation training condition (n = 27) involved the development of six key self-regulatory skills. No advice was given about physical activity or dietary choices. The advice condition (n = 28) was based on evidence of the best dietary and physical activity choices for weight loss and weight maintenance (Sharma, 2007; Shaw et al., 2006) . No advice was given about selfregulatory skills. Details of the workshops for both groups and the weekly practice tasks sent via email are provided in the online supplementary material. The supplementary materials also provide a more detailed description of both the recruitment process and the sample characteristics.
Measures
Participants' weight, waist, body fat, self-regulatory skills, and responses to physical activity and psychological measures were assessed at baseline, end of intervention (week 8), and follow-up (week 12). As a fidelity check, participants were asked to rate the extent to which they adhered to their own weight loss practices during the intervention and the extent to which they applied the intervention principals. These two items were rated from 1 (never), to 5 (all of the time) at the end of the intervention. Descriptive statistics for all baseline, end of intervention, and follow-up variables are presented in Table 1 . Details for all physical, selfregulatory and psychological measures are provided in the online supplementary file.
Results
Retention and treatment
We powered on weight loss as this was the variable for which we had the most available information from past literature. Based on previous estimates (e.g., Forman et al., 2009 ), a small-to-medium effect size was expected (partial eta squared = 0.03). Hence, for a two-tailed analysis for three time points over which the data were collected, we calculated that a total sample size of 36 was necessary to detect this effect size. However, based on the attrition rates of similar past weight loss research (Forman et al., 2009) , and cognisant of literature specifically examining attrition rates in weight loss interventions (Honas et al., 2003; Teixeira et al., 2004) , we built into our sample size calculations an extra 35 %. Of the 55 participants eligible for analysis, 32 participants completed the entire 12 weeks. Given the 34 % attrition, analyses are presented as intention-to-treat (ITT) including all 55 participants, carrying forward the last observation. The unit of analysis was the individual. No blocking was used. Figure 1 displays the flow of participants throughout the study.
Main analyses
Three doubly MANCOVAs were employed to analyze the changes in physical, self-regulatory and psychological measures, respectively. We chose multivariate analyses as opposed to univariate tests to control for Type I error. Physical activity could not be grouped with any of the other variables and therefore it was analyzed with a separate ANCOVA. We also report separate ANCOVAs for all measures in an online supplementary file. In all analyses we controlled for sex and number of previous weight loss attempts. The number of previous weight loss attempts was included as a covariate as it is thought to be one of the most consistent predictors of poor weight loss success and dropout in intervention studies (Kiernan et al., 1998; Teixeira et al., 2004) . Each doubly MANCOVA had time (baseline, week 8, week 12) as the within-subject factor and group (self-regulation training vs. advice) as the between-subject factor. F and p values, as well as effect sizes for all variables are reported in the online supplementary material.
Physical measures
Both groups experienced significant decreases over time in weight (kg), waist circumference (cm), body fat (%), and BMI K = .52, F (8,35) = 4.74, p = .000 (g p 2 = .52). However, no significant group or interaction effects were observed.
Physical activity
No significant differences in physical activity were found for time, group or interaction effects for both groups.
Self-regulatory skills
Significant improvements over time were found for both groups for all the self-regulatory skills measured K = .47, F (12,35) = 3.31, p = .00 (g p 2 = .53). There was a significant group x time interaction effect found with the self-regulation training group experiencing a significantly greater increase in the frequency of use of the self-regulatory skills over time K = .54, F (12,35) = 2.46, p = .01 (g p 2 = .45).
Psychological measures
A significant main effect for time was found in both groups for self-efficacy, perceived self-regulatory success, and physical self-worth (K = .52, F (6,39) = 3.22, p = .01 (g p 2 = .33). No other main or interaction effects were found.
Protocol analysis using complete cases only demonstrated similar findings for all outcomes (Piaggio et al., 2006) .
Discussion
This is one of the first interventions to examine whether a diverse group of temptation-related self-regulatory skills can be trained in order to facilitate (independent of physical activity and dietary advice) weight loss and associated physical and psychological outcomes. Results indicated that this minimal cost and pragmatic intervention can be as effective as physical activity and dietary advice in producing changes in physical, self-regulatory and psychological outcomes. Although some significant group by time interactions emerged in univariate analyses, indicating greater improvements in the self-regulation training group (the results are shown in an online supplementary file), we focused our interpretation on significant multivariate effects to reduce the risk for Type I error. The majority of effect sizes both at the multivariate and univariate levels were medium to large (based on the cut off values for eta squared of 0.01 = small, 0.06 = medium, and 0.14 = large; Cohen, 1988) .
Physical measures and physical activity
Both the self-regulation training and advice groups had significant reductions in weight, waist circumference, body fat, and BMI over time. The advice group lost on average 1.76 kg. A review of psychological interventions for weight loss has found that changes in the wait list and advice-only intervention groups vary from -1.8 kg weight loss to 1.8 kg weight gain over a 12 month period (Shaw et al., 2005) . Given that there is substantial evidence showing the effectiveness of dietary and exercise behaviors in producing small to moderate effects on weight loss (Sharma, 2007) , it is positive to note that for the self-regulation training group training specific self-regulatory skills alone (without encouraging specific dietary and physical activity practices) produced similar short-term weight-related improvements. Although trends in the data indicated increases in physical activity over time, there were no significant differences in physical activity in both groups. This was unexpected, as promoting physical activity was a focus of the intervention in the advice group. The exceptionally poor weather for the UK experienced during the months that the study took place may have deterred the advice intervention group from exercising as much as hoped. Indeed studies have shown seasonal/weather effects to hamper physical activity (Tucker & Gilliland, 2007) .
Self-regulatory skills
Both groups experienced significant increases in the frequency of the six self-regulatory skills over time. However, there was a significant time x group interaction effect found showing greater frequency of use of the selfregulatory skills over time in the self-regulation training group. This interaction is not surprising, given that the training in this group focused on improving these skills. However, the increase in all six self-regulatory skills in the advice group was unexpected. As previously illustrated by Oaten and Cheng (2006) , practice in one area of self-control (e.g., physical activity) can lead to improvements on a number of other self-regulatory behaviors, and this may explain why the advice group also experienced increases in the six intervention skills. Additionally, given that the average number of weight loss attempts per participant was 6.08, it may have been that those in the advice group had previously been taught some the selfregulatory skills practiced by the self-regulation training group. Nevertheless, as noted earlier, there was a greater increase in the use of these skills in the self-regulation training group. Hence, previous exposure to self-regulatory training, although to a large effect unavoidable due to the pragmatic nature of our intervention (it would have been very difficult to recruit overweight participants with no previous weight loss attempts), did not compromise the integrity of our study.
Psychological measures
Both groups experienced significant increases in all psychological outcomes assessed. First, both groups had comparable significant increases in self-efficacy for appropriate eating. The significant increases in self-efficacy in the self-regulation training group may be due to the selfregulatory skills trained in the intervention. Indeed, research investigating the self-efficacy of eating behaviors has found that as self-regulatory skills increase, perceived self-efficacy in relation to eating behavior can also increase (Annesi & Gorjala, 2010) . The increases in the advice intervention group may be due to the specific focus on improving knowledge of the best dietary methods for weight loss success; dietary interventions have been known to be associated with improving self-efficacy for appropriate eating (Clark et al., 1991) . Second, both groups also reported increases in perceived self-regulatory success. In view of the significant decreases in weight, waist circumference, body fat, and BMI, it is unsurprising that both groups experienced increases in their perceptions of success at weight loss. Third, both groups experienced significant increases in physical self-worth. Research has shown that weight loss and weight maintenance are associated with increased self-worth (Elfhag & Rössner, 2005) . As both groups had relatively similar levels of weight loss, it is perhaps unsurprising that they also experienced similar increases in physical self-worth.
Limitations, future directions, and conclusions
The current study was subject to a few limitations. First, the substantial attrition (34 %) may limit the ability to draw firm conclusions. Yet, the current study's attrition of 34 % is well within the range of that found by related research (Forman et al., 2009; Honas et al., 2003; Teixeira et al., 2004) . Additionally, a follow-up period of 4 weeks is relatively short in comparison to other weight loss interventions which tended to have follow-up periods of 6-12 months (for examples, see Gourlan et al., 2011; Lombard et al., 2009 ). Yet, weight loss is a complex process and many people experience frequent changes in their persistence, effort, and commitment. The current study's low intensity, low cost approach (which required a minimal commitment of attendance of two workshop sessions and regular involvement via email practice tasks) may have the potential to be more accessible to and accepted by a wide range of individuals in the community. Given the rising financial burden of obesity on the already strained national health service in the UK (estimated at £5.1bn per year; Scarborough et al., 2011) , future research could investigate the economic costs of running both the self-regulation training and advice interventions. In summary, our results provide initial evidence to suggest that helping people improve temptation-related selfregulatory skills may be just as important as helping them change their physical activity and dietary behaviors.
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